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SMBI Fuelling for Fusion 

Laval 

• SMBI (Supersonic molecular beam injection) is a simple and efficient fuelling source 

by comparing with GP (gas puffing) and Pellet injection fueling methods. 

– Results in a high density, directed particle source, with fuelling efficiencies often 

in excess of 30%. 

• SMBI is an useful tool for density control to 

– maintain plasmas within stable operational boundaries 

– actively manage deleterious ELMs 

• SMBI is also an useful tool for: 

– Confinement improvement, such as L-H transition 

– Perturbative transport study, i.e., nonlocal transport 
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BOUT++ has been originally developed for modeling tokamak edge 

turbulence* and is extending to include neutrals for 3Dplasma transport 

 BOUT++ is an unique code to simulate boundary 

plasma turbulence in a complex geometry 

− Proximity of open+closed flux surface 

− Presence of X-point 

 BOUT++ is being to include neutrals for 3D plasma 

transport in a new trans-neut module 

− B2, SOLPS and UEDGE  are 2D plasma transport 

codes 

− Added BOUT++ capabilities can handle the 

localized 3D sources for neutrals, and late on for 

impurities.  

• X.Q. Xu and R.H. Cohen, Contrib. Plasma Phys. 38, 158 (1998), Xu, Umansky, Dudson & Snyder, CiCP, V. 4, 949-979 (2008);  

• Dudson, Umansky, Xu et al., Comp. Phys. Comm. V.180 (2009) 1467; Xu, Dudson, Snyder  et al., PRL 105, 175005  (2010). 
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Process of Molecule Reaction 

5 

2H 02H
Supersonic 
Molecular  
Beam  

SMB Molecules Atoms 

Dissociation 

Plasmas 

eHHe  0

2 2

eH 22 

Ionization 

Charge Exchange(CX) 

eHHe 20  

  HHHH 00

CXIdiss
VVV  At Edge 

plasma  

Peter C. Stangeby The Plasma Boundary of Magnetic Fusion Devices, Institute of Physics publishing, 2000 

Franck-Condon 

     scmeVTeVTVV eeethdissethI

3228

,, 1.031.0103ˆˆˆˆ  

 
 

scm
eVeVT

eVeVT
V

i

i
ithCX /

)15(150

)15(5.1
109.1107.1 3

3/13/1

3/13/1

88

,



 



Physical Model (1) - Plasmas 
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Physical Model (2) - Atoms 
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Physical Model (3) - Molecules 
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Circular HL-2A Geometry w/ X point 
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Neutrals Propagate First Inwards then Outwards due to Competition between Fueling 
Rate and Ionization/Dissociation Rate during SMBI Plotted at Outside Mid Plane 
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Plasma Profiles Variation During Neutrals Inwards and 
Outwards Propagation Plotted at Outside Mid Plane   
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Poloidal Propagation of Plasma Density Ni During SMBI 
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2D Profiles of Plasmas and Neutrals Right after SMBI 
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Plasmas Profiles Relaxing after SMBI to Reach Steady States 
Determined by Boundary Conditions Plotted about 10ms after SMBI 
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Neutrals Penetration Depths Influenced by Low and High Plasma Density 
and Temperature Profiles Plotted at Outside Mid Plane   

17 

][mR

][ 0NNa][ 0NNm

0.0 4.0 6.0 8.0 0.12.0 0.0 5.0 0.1 5.1 0.2

4.3

6.3

8.3

0.4

][mst

2.1

][mR

][mst

Low Ni  
Low Tei 

keVT
Rie 1

1
, 

02
1

NN
Ri 

Low Ni  
High Tei 

High Ni  
Low Tei 

keVT
Rie 1

1
, 

04
1

NN
Ri 

4.3

6.3

8.3

0.4

4.3

6.3

8.3

0.4

][mst keVT
Rie 5

1
, 

02
1

NN
Ri 

keVT
Rie 1

1
, 

02
1

NN
Ri 

keVT
Rie 1

1
, 

04
1

NN
Ri 

keVT
Rie 5

1
, 

02
1

NN
Ri 

319

0 /101 mN 

separatrix mR 03.2separatrix 
SMBI penetrates deeper in colder plasmas 



Plasma Profiles Evolution during SMBI at Different Low and High Initial 
Plasma Density and Temperature Plotted at Outside Mid Plane     
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Neutrals Penetrate Deeper Using SMBI than GP 
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Plasma Density Increases and Temperature Decreases More 
during SMBI than GP  Plotted at Outside Mid Plane 
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Total Injected Particles within 2ms SMBI in Simulation is 
about the Same Order as that in Experiment 
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Line Averaged Plasmas Density and Temperatures 
Qualitatively Consist with Experiments 
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Conclusions and Future Plans  
• A eight-field physical model of fueling has been developed to study 3D 

neutrals and plasmas transport and during SMBI (or GP); 

• A new BOUT++ module trans_neut code has also been developed and the 

simulations of SMBI in a real HL-2A geometry with X point has been done; 

• In colder plasmas, the neutrals penetrate into the separatrix during SMBI 

while neutrals are difficult to penetrate into the separatrix during GP; 

• However, in hotter plasmas, neutral penetration depth decreases during SMBI 

due to the increase of dissociation and ionization rates;  

• Line averaged plasma density increases and temperatures decrease have been 

observed during SMBI which are consistent with the experiments;  

 

• Easily turn on the toroidal direction simulation in trans_neut code to study 3D 

neutrals and plasmas transport; 

• More Physics of SMBI fueling will be studied, such as fueling efficiency, 

penetration depth, ELM mitigation etc. 
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